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Abstract 
Developmental dyslexia could, at least partially, reflect an 
underlying problem in forming audiovisual associations, such as 
between graphemes and phonemes. Some of the few studies 
testing people with reading difficulties on McGurk stimuli report 
less sensitivity to visual information, and worse processing of 
visual-only speech. In this study, we tested Dutch children (M = 
11.0 years) and adolescents (M = 13.7 years) with developmental 
dyslexia, and age-matched controls. Dyslexics and age-matched 
controls were similarly able to recognize the nonsense syllables 
“apa” and “aka” from hearing or seeing a speaker. Most 
critically, dyslexics and controls showed similar response 
patterns to McGurk stimuli, consisting of hearing “apa” 
combined with seeing a speaker say “aka”. Adolescents, 
however, perceived McGurk stimuli more often as /k/ and 
somewhat less often as /p/ than children, confirming earlier 
studies investigating age differences. Both groups did not differ 
in their number of fusion (/t/) responses. Concluding, audiovisual 
speech perception does not seem to be impaired in 
developmental dyslexia, if groups show similar unimodal speech 
perception. 
 
Index Terms: speech perception, dyslexia, McGurk effect, 
development 
1. Introduction 
Learning to read is essentially an audiovisual mapping problem: 
Beginning readers need to learn and retain how visual graphemes 
and auditory phonemes map onto each other. During the reading 
process, it is important for readers at any reading level to retrieve 
the phonological information associated with given graphemes 
[1], [2]. Reading difficulties could thus at least partially reflect 
an underlying problem with learning, retaining, and accessing 
audiovisual associations. 
Developmental dyslexia is diagnosed in cases of a severe 
delay in the acquisition of reading in the absence of delays in 
other cognitive abilities [3]. The delay in reading acquisition 
cannot be explained by inappropriate educational opportunity or 
gross neurological disorders. Phonological deficits are a 
hallmark of dyslexia [4] and are characterized by severe 
difficulties in decoding and manipulating the phonemes of one’s 
native language [5]. Phonological deficits cannot be explained 
through sensory deficits, since only some children and adults 
with dyslexia have impaired auditory and visual perception (e.g., 
[6–8]). Rather, phonological deficits seem to reflect problems in 
accessing phonological representations [9–11]. Reading 
difficulties may thus emerge as a problem of accessing 
phonological representations from visual letter information. A 
recent functional magnetic imaging study has linked 
phonological processing deficits in a group of adult dyslexics to 
impaired audiovisual mapping of letters onto speech sounds [12].  
The extent and nature of the relationship between 
audiovisual processing and reading is, however, still largely 
unknown. One possibility is that dyslexics have a general deficit 
in processing and combining audiovisual information. 
Audiovisual perception can be investigated by making use of the 
audiovisual nature of speech. Listeners typically use information 
obtained from seeing a speaker talk in order to comprehend what 
that speaker says (e.g., [13]). The processing of audiovisual 
speech partly shares the neural circuit involved in the processing 
of letter-speech sound associations [14]. This provides an 
opportunity to investigate audiovisual processing in people with 
reading impairments in an ecologically valid context (i.e., that of 
audiovisual speech perception), without probing the direct area 
of difficulty (i.e., reading).  
Audiovisual speech perception can be assessed with the 
McGurk illusion, where, for example, /ta/ is perceived when the 
auditory syllable /pa/ is presented with an articulating mouth 
producing /ka/ [15]. A simplified explanation for this fusion 
percept is that an alveolar /t/ best matches the contradicting place 
of articulation information provided by the visual velar /k/ and 
the auditory bilabial /p/. The few studies testing people with 
reading difficulties on McGurk illusions provided mixed results. 
In one study dyslexic children (8-14 years) provided fewer 
fusion responses, but more responses that were influenced by the 
visual modality [16] but in another they did not perform 
differently than their age- or reading-matched controls [17]. 
Reading-impaired children with broader language impairments 
from two age groups (6-9 and 10-12 years) and their younger (6-
9 years) but not their older (10-12 years) controls gave more 
auditory-based responses to McGurk stimuli than controls [18]. 
It is, however, unclear whether that resulted in fewer visually-
biased (fusion and/or visual) responses in the reading-impaired 
group. Similarly, dyslexic adolescents [19] and adults with 
reading impairments with broader language impairments [20] 
were less influenced by the visual information of McGurk 
stimuli than controls. Differences in inclusion criteria for 
participants as well as in test materials likely contributed to these 
contradicting results. An additional explanation for this mixed 
set of results could be that a possible deficit in audiovisual 
speech perception in people with reading difficulties varies with 
age. In typical development, the influence of visual information 
on audiovisual speech perception is larger in adults than in 
children (e.g., [15], [18], [21-22]). Consequently, any deficit or 
delay in audiovisual speech perception skills might be more 
pronounced in older children or adolescents with reading 
difficulties than in younger children. Indeed, no differences 
between younger children (aged < 11 years) with reading 
difficulties and controls were found by [17] and [18], but older 
children (aged > 11 years) [18], adolescents [19], and adults [20] 
with reading difficulties showed different response patterns 
compared to their controls. Finally, a factor that further 
complicates the interpretation of the results of these few studies 
is that children [16], [17], adolescents [19], and adults [23], [24] 
with reading impairments have been found to be less accurate 
when identifying unimodal visual syllables.  
In the current study, we tested audiovisual processing in 
children and adolescents with developmental dyslexia by using 
the McGurk effect. To investigate whether audiovisual 
processing differs in dyslexics compared to controls, we 
considered all types of responses, that is, fusion responses as 
well as auditory- and visual-based responses. Furthermore, we 
also assessed unimodal perception (auditory and visual) in 
addition to audiovisual perception. Finally, to test the hypothesis 
that atypical audiovisual speech perception might be more 
evident later during development, we included both children and 
adolescents with developmental dyslexia in our sample. 
2. Experiment 
2.1. Participants 
Nine children (seven boys, M = 10.76, SD = 1.31 years) and ten 
adolescents (eight boys, M = 13.87, SD = 0.45 years) with a 
clinical diagnosis of developmental dyslexia participated in this 
study. Eight typically developing children (six boys, M = 11.09, 
SD = 1.34 years) and 12 adolescents (ten boys, M = 13.59, SD = 
0.31 years) of similar chronological age took part as the control 
group. All participants obtained a score of at least 35 on the 
matrix reasoning subtest of a standardized measure of non-verbal 
cognitive ability ([25] M = 50, SD = 10) and passed a hearing 
test (i.e., pure-tone average hearing thresholds were between 30 
and 40dB at maximally two frequencies, rest below 30 dB at 
250, 500, 1K, 2K, 3K, 4K, 6K, and 8K Hz in both ears). 
Participants had to obtain a score of 7 or lower on the 
standardized measures (M = 10, SD = 3) of word [26] or non-
word [27] reading to be included in the dyslexia group; or a 
score higher than 7 on both tests to be in the control group. 
Another 11 participants were tested, but their data was excluded 
from the analyses because they did not pass the hearing 
screening (7), did not meet the criteria for inclusion in the 
control group (2) or the dyslexic group (2). Participants received 
a small present as a thank you for taking part in the study. 
2.2. Materials 
A female native Dutch speaker was video recorded with a Sony 
DCR-HC1000E camera as she pronounced the VCV syllables 
/apa/ and /aka/. Videos showed the face and the neck of the 
speaker. Videos were digitized as uncompressed 720 × 576 .avi 
files in PAL format. Audio was recorded at 44.1kHz at the same 
time with a standalone Sennheiser microphone. Two incongruent 
McGurk stimuli were created by combining the audio portion of 
an /apa/ token with the video of an /aka/ token. The release of the 
/p/ was hereby presented at the same time as the release of the 
original /k/. The audio and the video portion of the same /apa/ 
and /aka/ tokens used to create these McGurk stimuli were 
presented during unimodal auditory and visual trials. All stimuli 
were presented in -16 dB SNR white noise to increase the 
possible influence of visual information on perception in the 
audiovisual condition. A block consisted of eight unimodal (two 
tokens x two phonemes x two modalities) and eight audiovisual 
(two tokens x four presentations) stimuli, presented in random 
order. A total of 12 blocks was run, consisting of 96 unimodal 
and 96 McGurk stimuli. 
 
2.3. Procedure and design 
Participants were tested in a quiet room in their school. 
Cognitive and reading tests and the audition screen were 
performed during the first session. The experimental task was 
completed during the second session. Presentation software 
(Version 14.3, www.neurobs.com) was used to present the 
experimental task on a laptop computer and participants heard 
the auditory portion via Sennheisser headphones. Participants 
were asked to report which stimuli they perceived by pressing 
one of three response buttons, labeled “apa”, “ata”, and “aka”. 
To the children the task was introduced as a game in which they 
had to assist alien shuttles during landing by clarifying the noisy 
communication channel between control tower and pilot through 
pressing one of the response buttons. 
2.4. Results and discussion 
As expected, participants with dyslexia performed worse than 
controls on standardized word reading (dyslexic children M = 
6.22, SD = 2.39; control children M = 11.75, SD = 2.68; dyslexic 
adolescents M = 5.00, SD = 2.21; control adolescents M = 10.25, 
SD = 1.14; F(35) = 63.23, p < .001) and non-word reading 
(dyslexic children M = 5.11, SD = 1.62; control children M = 
11.88, SD = 2.80; dyslexic adolescents M = 5.50, SD = 1.84; 
control adolescents M = 11.25, SD = 1.82; F(35) = 91.69, p < 
.001) tests. No effects of age group or interactions between age 
and reading group were found for the reading measures.  
Mixed effect models were used to analyze the speech 
perception data, using the lmer function [28] in the R statistical 
program [29]. A binomial logit linking function was used for the 
categorical dependent variables. Systematic step-wise model 
comparisons established the best-fitting models through 
likelihood ratio tests. Model comparisons started with a full 
model, from which non-significant interactions and main effects 
were gradually removed. The main effects of factors contributing 
to significant interactions remained in the models. To assess 
performance on unimodal trials, age group (children, 
adolescents), reading group (dyslexic, control), and stimulus (/p/, 
/k/) were evaluated as contrast-coded categorical factors. Age 
group (children, adolescents), reading group (dyslexic, control), 
and token (1,2) were assessed as contrast-coded categorical 
factors to see whether they explained performance on 
audiovisual trials. One condition of each these categorical fixed 
factors is mapped onto the intercept of the model. The 
adjustment for the other level of a variable is then estimated. 
Adjustments that differ significantly from zero indicate 
significant effects. Subject was included as random factor in all 
best-fitting models, allowing for subject-specific adjustments to 
the regression weights.  
Children and adolescents performed similarly on recognizing 
auditory-only (χ2(1) = 1.02, p = .31) and visual-only syllables (β 
= -0.61, SE = 0.45, p = .18; see Table 1). Dyslexics and their 
controls also performed similarly on these unimodal trials 
(auditory-only: χ2(1) = 0.96, p = .33; visual-only: χ2(1) = 0.0006, 
p = .98). Age group and reading group did also not interact with 
each other or with stimulus (all p > 0.05). /p/ was more difficult 
to identify than /k/, when presented auditorily (β = 2.81, SE = 
0.18, p < .001), but easier to identify, if presented visually (β = -
3.5, SE = 0.27, p < .001). The latter effect was somewhat larger 
for children than for adolescents (β = 0.998, SE = 0.27, p = .07). 
 
Table 1. Percentage of correct responses for dyslexic 
(DYS) and control (CON) participants on unimodal 
trials by stimuli and age group. Standard deviations are 
given in parentheses. 
  Children Adolescents 
  DYS CON DYS CON 
Auditory /p/ 80.73 
(18.22) 
91.15 
(9.82) 
82.92 
(11.69) 
84.72 
(10.86) 
 
 /k/ 95.83 
(8.63) 
98.44 
(3.10) 
97.08 
(3.43) 
95.14 
(7.07) 
 
Visual /p/ 97.92 
(4.45) 
99.48 
(1.47) 
95.42 
(4.14) 
96.53 
(5.57) 
 
 /k/ 65.1 
(17.53) 
62.5 
(26.54) 
62.5 
(25.91) 
60.76 
(24.00) 
 
Table 2. Percentage of responses for dyslexic (DYS) and 
control (CON) participants on incongruent audiovisual 
McGurk trials, separated by token and age group. 
Standard deviations are given in parentheses. 
  Children Adolescents 
  DYS CON DYS CON 
Token 1 /p/ 27.86 
(35.02) 
52.08 
(43.14) 
17.50 
(26.75) 
16.67 
(12.15) 
 
 /k/ 27.6 
(27.59) 
14.32 
(33.08) 
49.38 
(32.81) 
54.52 
(21.32) 
 
 /t/ 44.53 
(27.99) 
33.59 
(38.21) 
33.12 
(32.31) 
28.82 
(21.07) 
 
Token 2 /p/ 17.19 
(33.63) 
40.62 
(44.64) 
16.67 
(25.8) 
11.63 
(11.08) 
 
 /k/ 7.29 
(15.02) 
11.72 
(32.31) 
42.08 
(32.67) 
42.19 
(29.85) 
 
 /t/ 75.52 
(33.85) 
47.66 
(46.08) 
41.25 
(31.27) 
46.18 
(32.01) 
 
Table 2 provides the response patterns for audiovisual 
McGurk trials, separated by token and group. Overall, both 
tokens elicited a substantial number of fusion responses (token 1 
M = 34.27%, SD = 29.04%; token 2 M = 51.37%, SD = 36.42%). 
Performance on incongruent audiovisual trials was first assessed 
by coding responses as auditory-based responses (i.e., /p/ 
responses) versus visually-biased responses. Visually-biased 
responses consisted of visual-based /k/-responses as well as 
fusion responses (/t/). To examine further whether the type of 
visually-biased responses differed across groups, we also 
regrouped responses as visual-based responses (/k/) versus all 
other types of response and then as fusion responses versus all 
other types of responses.  
Most critically, none of the analyses showed a difference in 
performance between dyslexics and their age-matched controls 
(all p > 0.05). Reading group did also not interact with any other 
factor (all p > 0.05). The analyses showed, however, a difference 
between age groups. Adolescents gave overall more visual-based 
/k/ responses than children (β = 3.15, SE = 0.8, p < .0001) and 
somewhat fewer auditory-based responses (β = -1.43, SE = 0.84, 
p =.09). Children and adolescents did, however, not differ in the 
number of fusion responses (β = -0.52, SE = 0.89, p = .56). The 
analyses also showed that token 2 elicited fewer auditory-based 
responses (β = -0.83, SE = 0.12, p < .0001) and fewer visually-
based responses (β = -1.23, SE = 0.13, p < .0001) than token 1, 
but more fusion responses (β = 1.37, SE = 0.10, p < .0001). 
These token effects were always larger for children than for 
adolescents (auditory: β = 1.1, SE = 0.24, p < .0001; visual: β = 
1.34, SE = 0.26, p < .0001; fusion: β = -1.10, SE = 0.20, p < 
.0001). 
 
3. Discussion 
We tested audiovisual processing of speech in Dutch participants 
with developmental dyslexia by using the McGurk effect. Unlike 
previous work, we considered all types of responses and also 
assessed unimodal perception (auditory and visual). Children and 
adolescents with developmental dyslexia were tested, to also 
evaluate the hypothesis that atypical audiovisual speech 
perception might be more evident later during development.  
We did not find any group differences in unimodal auditory 
or visual speech perception. Dyslexics and their age-matched 
controls were similarly able to recognize the nonsense syllables 
“apa” and “aka” from hearing and from seeing a speaker. This 
finding is not in line with results from previous studies that 
found that children [14-15], adolescents [19] and adults [21-22] 
with reading impairments were, compared to their controls, less 
accurate at identifying unimodal visual syllables.  
The fact that in our study dyslexics and their controls showed 
similar auditory and visual processing allowed us to investigate 
whether these groups differ in their audiovisual processing above 
and beyond differences in unimodal processing. Being equated 
on their processing of auditory and visual speech, dyslexics and 
controls also showed similar response patterns to McGurk 
stimuli, consisting of an auditorily presented “apa” combined 
with a visually presented “aka”. At the group level, dyslexics 
experienced similar proportions of fusion illusions, and also 
similar proportions of auditory-based and visual-based percepts 
as their age-matched controls. As can be seen from the large 
standard deviations in Table 2, however, individual variation in 
response to McGurk stimuli was considerable in all groups and 
merits further investigation. 
In typical development, the influence of visual information 
on audiovisual speech perception is larger in adults than in 
children (e.g., [15], [18], [21-22]), potentially leading to an age-
dependent deficit in dyslexia. As such we had expected to find 
group differences for adolescents, but not for children, with and 
without developmental dyslexia in our sample. We did, though, 
not find any differences in audiovisual speech perception 
between dyslexics and controls. Our results confirm, however, 
earlier studies investigating age differences in that adolescents 
overall perceived McGurk stimuli more often as /k/ and 
somewhat less often as /p/ than children. Age groups did not 
differ in their number of fusion (/t/) responses. 
 
4. Conclusions 
Forming associations between letters and speech is an imported 
step in learning to read and developmental dyslexia might, at 
least partially, reflect a deficit in acquiring, retaining, and 
accessing audiovisual associations [12]. Dyslexia could hence, at 
least partly, reflect an audiovisual processing problem. Our study 
suggests, however, that audiovisual speech perception, as 
assessed with McGurk stimuli, does not seem to be impaired in 
developmental dyslexia, when dyslexics show similar skills to 
those of age-matched controls in the processing of speech from 
hearing and seeing a speaker alone. The sample size of the 
current study is modest and only processing of incongruent 
audiovisual syllables was evaluated. Possibly, acquiring, 
retaining, and accessing letter-sound associations involves 
mechanisms different from those used when processing 
audiovisual speech. Before we can reach that conclusion, 
however, a more extensive investigation of individual 
differences in audiovisual speech perception using both 
incongruent and congruent stimuli, and their associations with 
performance on reading and reading-related skills, is needed.  
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